N,N- and O,N- Coordinated Co(II) β – Diketonate Derivatives: Synthesis, Structures, Thermal Properties and MOCVD Application  by Dorovskikh, S.I. et al.
 Physics Procedia  46 ( 2013 )  193 – 199 
1875-3892 © 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of Organizing Committee of EUROCVD 19.
doi: 10.1016/j.phpro.2013.07.067 
Nineteenth European Conference on Chemical Vapor Deposition, (EUROCVD 19) 
N,N- and O,N- coordinated Co(II) ȕ – diketonate derivatives: 
synthesis, structures, thermal properties and MOCVD 
application  
S. I.Dorovskikha*, E. S. Filatova, P.A. Stabnikova, N.B.Morozovaa, I.K Igumenova 
aNikolaev institute of Inorganic Chemistry of Siberian Branch of Russian Academy of Sciences, Lavrentiev ave. 3, Novosibirsk, 6300090, 
Russia 
Abstract 
The syntheses of new volatile Co(II) complexes, namely, Co(N’acN’ac)2, Co(N’acac)2, Co(Nacac)2, Co(pda)(hfac)2 and 
Co(pda)(thmd)2 were performed. On the basis of structural data of the complexes under investigation, the features of 
molecule packing in crystals and intermolecular contacts are considered. The obtained complexes were identified by 
different physico-chemical methods. The thermal behavior of cobalt complexes in the solid state were investigated by 
TG/DTA. Both Co(N’acN’ac) and Co(pda)(hfac)2 were used as MOCVD precursors. Films deposited on Si (100) 
substrates were characterized by XRD and SEM. 
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1. Introduction 
Co thin films, cobalt-based alloys, and Co/X multilayers, where X may be another metal or a dielectric, 
have been the subject of significant scientific research and have attracted great interest with respect to 
applications in data storage devices and sensors. Cobalt thin films have been deposited by various techniques, 
including traditional inorganic CVD (Maruyama T. and Nakai T., 1991) sputtering (Fu B. X. and Wang H. 
1998), electron beam evaporation (Shan Z.S. et al, 1994), and MOCVD (Chioncel M.F. and Haycock P.W., 
2005). MOCVD is a technique which offers potential for producing films with high uniformity of thickness 
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and composition, high purity, conformal step coverage, minimal substrate damage, high deposition rates, and 
the possibility for selected area growth. However, the number of reports concerning MOCVD of cobalt film is 
small due to the limited number of volatile precursors. 
The success of MOCVD processes depends critically on precursor properties mainly, from its composition, 
volatility, thermal stability. However, the easy availability and simple synthetic procedures of cobalt 
compounds are also important characteristics of MOCVD precursors especially for their practical application. 
In this regard, several cobalt ȕ-diketonate complexes such as Co(acac)2 (Barreca D. et al, 2001), Co(tmhd)2 
(Klepper K.B. et al., 2007) have been proposed as MOCVD precursors. Unfortunately, the former is 
characterized by the formation of oligomeric structures (Mehrotra R.C. et al., 1978). Although such 
phenomena can be limited by increasing of the steric hindrance of the ligand, for instance, upon going to 
Co(tmhd)2. In fact, the structure of bis(ȕ-diketonato) Co(II) chelates have pronounced tendency to achieve six-
coordination through adduct formation (Tzavellas L.C. et al., 1997). However, this tendency can be prevented 
by replacement of oxygen atoms by nitrogen atoms which leads to formation of ȕ-iminoketonate and ȕ-
diiminate cobalt precursors. 
In the present work, we studied the cobalt ȕ-diketonate derivatives, with different ligands such as  
ȕ-iminoketonates (Co(N’acac)2, Co(Nacac)2), ȕ-diiminate (Co(N’acN’ac)2), as well as cobalt ȕ-diketonate 
adducts with 1,3-diaminopropane (Co(pda)(hfac)2 and Co(pda)(tmhd)2). To this end, several cobalt 
compounds discussed above were synthesized and their structures and thermal behavior were investigated. 
 
pda  1,3-diaminopropan,  
Hhfac   1,1,1,5,5,5-hexafluoro-pentane-2,4-dion, 
Hthmd    2,2,6,6-tetramethyl-heptane-3,5-dion,  
N’Hacac  2-hydroxo-4-methylimino-pentan, 
NHacac  2-hydroxo-4-imino-pentan, 
N’HacN’ac 2-methylamino -4-methylimino-pentan)  
m.p melting point 
Tevap evaporator temperature 
Tsubstrate substrate temperature 
XRD  X-ray powder diffraction 
SEM Scanning electron microscopy 
 
2. Experimental section 
 
2.1. Synthesis of precursors 
 
Both Co(pda)(hfac)2 and Co(pda)(tmhd)2 compounds were easily obtained according to the synthetic 
procedure previously reported (Bandoli G. et al., 2009). 
The orange crystals of Co(pda)(hfac)2 were purified by vacuum sublimation at P = 10-3 Torr,  
t = 140-150 °C (yield 75%). m.p: 174 - 175 °C, Anal. Calc. for C13F12H12O4N2Co (M = 547.18 g mol-1): C, 
28.8; H, 2.0; N, 5.4; F, 41.7. Found: C, 28.9; H, 2.0; N, 5.2; F 41.7. 
The red-brown crystals of Co(pda)(tmhd)2 were purified by vacuum sublimation at P = 10-3 Torr,  
t = 110-120 °C (yield 55%). m.p: 145 - 147 °C, Anal. Calc. for C25H52N2O4Co (M = 503.62 g mol-1): C, 60.1; 
H, 9.6; N, 5.6. Found: C, 60.2; H, 9.5; N, 5.5. 
These two complexes could be kept in air for 1 month, but both of them were unstable in water containing 
solvents. 
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Both Co(N’acac)2 and Co(Nacac)2 complexes were prepared according to the the synthetic procedure 
previously reported (Zharkova G.I. et al. 2009). 
The red crystals of Co(Nacac)2 were purified by vacuum sublimation at P = 10 -3 Torr, t = 130-150 °C. 
(yield 65%). m.p: 172-173 °C. Anal. Calc. for C10H16N2O2Co (M = 255.21 g mol-1): C, 47.0; H, 6.3; N, 10.9. 
Found: C, 47.1; H, 6.4; N, 10.6 %. 
The red crystals of Co(N’acac)2 were purified by vacuum sublimation at P = 10 -3 Torr, t = 130-150 °C. 
(yield 60 %). m.p: 175-176 °C. Anal. Calc. for C12H20N2O2Co (M = 283.62 g mol-1): C, 50.8; H, 7.1; N, 9.9. 
Found: C, 51.0; H, 6.9; N, 10.0%. 
In order to synthesize Co(N’acN’ac)2 we followed the procedure of McGeachin (McGeachin S.G. 1968). 
The yellow crystals of Co(N’acN’ac)2 were purified by vacuum sublimation at P = 10-2 Torr ,  
t = 110-120 ɨɋ. (yield 40–45%). m.p: 164-165 ɨC, Anal. Calc. for C14H26N4Co (M = 309.32 g mol-1): C, 55.4; 
H, 6.6; N, 18.5. Found: C, 55.5; H, 6.4; N, 18.3. 
All these three complexes should be kept in vacuum sealed ampoules and they were unstable in water 
containing solvents. 
 
2.2. Precursor and film characterization 
 
The elemental analysis of the compounds was performed by a Carlo Erba 1106 instrument. X-ray 
crystallographic data were collected on a Bruker-Nonius X8Apex instrument. Melting points were determined 
by Kofler m.p. apparatus. 
The thermal properties of the compounds in the solid phase were studied by means of differential thermal 
analysis using NETZSCH STA 409 PC/PG device. The experiment was performed in a helium flow (20–40 
ml/min) and in air with a heating rate of 10 °ɋ/min in the temperature range 50–300 °ɋ; a standard open 
crucible was used. 
Two compounds Co(N’acN’ac)2 and Co(pda)(hfac)2 were used as precursors for deposition of Co films. 
MOCVD experiments were carried out in a vertical reactor at a total pressure of 760 Torr using H2 as reactant 
gas (flow rate 66 ml/min) and Ar as carrier gas (flow rate 16 ml/min). The films were deposited on Si (100) 
substrates. The MOCVD parameters were Tevaporation = 120 °C, Tsubstrate = 310 – 370 °C for Co(N’acN’ac)2 
precursor and Tevaporation = 130 °C, Tsubstrate = 270 – 300 °C for Co(pda)(hfac)2. All the deposition experiments 
were carried out for two hours. 
The X-ray diffraction analysis (XRD) of the samples was performed on a DRONRM4 diffractometer 
(CuKĮ radiation, graphite monochromator, ambient temperature). The refinement of lattice parameters was 
performed by the full profile technique applied to full-range diffraction data using the PowderCell 2.4 
program. SEM investigations were carried out using the scanning electron microscope JEOL-JSM 6700 F 
connected with an EDX-analyzer EX-2300BU. 
 
3. Result and Discussion 
3.1. Structures 
All structures of cobalt compounds consist of neutral complex molecules (octahedral  
Co(pda)(ȕ-diketonato)2 or tetrahedral Co(ȕ-ketoiminato)2 and Co(ȕ-diiminato)2) formed by bidentate ligands 
and Co atom (Fig. 1). 
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Fig. 1. The structure of molecules a) Co(pda)(hfac)2, b) Co(N’acac)2, c) Co(N’ac N’ac)2 
 
 
In the structures of Co(N’acac)2 and (Co(N’acN’ac)2 the molecules are packed into a similar fashion 
providing only weak van der Waals contacts. Therefore, the terminal groups of organic ligands retain the 
ability to rotate almost freely. The intermolecular hydrogen bonds in both structures are absent. The crystal 
unit cells of Co(pda)(ȕ-diketonato)2  are comprised of pairs due to the presence of intermolecular hydrogen 
bonds in the structures of Co(pda)(hfac)2 and Co(pda)(tmhd)2. It should be mentioned, that intermolecular 
hydrogen contacts are slightly elongated in case of Co(pda)(hfac)2 ( N-H…F 2.406 Å, N-H…O 2.388 Å) 
whereas N-H…O are in the range 2.291 – 2.304 Å for Co(pda)(tmhd)2. The X-ray structure analysis of cobalt 
complexes will be published later. 
3.2 Thermal properties 
The thermogravimetric (TG) studies of the cobalt complex series were carried out to compare the effect of 
ligands on complex volatility. In the series of cobalt complexes (Co(N’acN’ac)2, Co(N’acac)2, Co(Nacac)2, 
Co(pda)(hfac)2 and Co(pda)(thmd)2), the most volatile complexes are Co(pda)(hfac)2 and Co(N’acac)2 and the 
lowest volatile is Co(pda)(thmd)2 (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. TG curves of cobalt complexes: Co(pda)(hfac)2 – (1), b) Co(N’acac)2 – (2), Co(Nac ac)2 – (3), Co(N’acN’ac)2– (4), 
Co(pda)(tmhd)2 – (5). 
 
a)  b)  c)  
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This fact might be attributed to the strong repulsion between the CF3 groups in the crystal structure of 
Co(pda)(hfac)2 and the absence of hydrogen bonds in the crystal structures of Co(N’acac)2. The temperatures 
of 50% mass loss are: Co(pda)(hfac)2 (1) – 196 °C; Co(N’acac)2 (2) – 197 °C; (3) Co(Nacac)2 – 203 °C; 
Co(N’acN’ac)2 (4) – 204 °C; Co(pda)(tmhd)2(5) – 222 °C. 
All investigated complexes, except Co(N’acN’ac)2, pass to the gas phase in a single step without 
decomposition under experimental conditions. Based on DTG data, each cobalt compounds demonstrated only 
one peak which is associated with the vaporization processes. 
3.3. CVD deposition and nickel film characterization 
Two compounds Co(N’acN’ac)2 and Co(pda)(hfac)2 were first tested as MOCVD precursors for cobalt 
film deposition. The Co(pda)(hfac)2 was chosen being  the most volatile precursor. To obtain metallic cobalt 
films, it is necessary to use oxygen-free precursors for example Co(N’acN’ac)2. The CVD test conditions 
were chosen on the basis of data on the thermal behavior of the complexes in the solid phase. The Ts were 
chosen by analyzing the data on compound vapor thermal decomposition. 
Based on XRD patterns, the one-phase Co film was obtained from Co(pda)(hfac)2 at Tevap = 130 °ɋ,  
Tsubst = 300 °ɋ, the other films deposited from this precursor consist of many phases including CoO, Co2C, 
CoSi. The one phase Co films were deposited from Co(N’acN’ac)2 at Tevap = 130 °ɋ, Tsubst = 310-330 °C. The 
increasing of substrate temperature up to 350 °C leads to the rise of reflection intensity referring to Co2C 
phase (Fig. 3b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. XRD patterns of the Ni films deposited from a) Co(pda)(hfac)2 and b)Co(N’acN’ac)2. 
 
 
According to the SEM data, the one-phase Co film deposited from Co(pda)(hfac)2 was not uniform and 
was characterized by huge agglomerates with average size of 1 micrometer (Fig. 4a). On the contrary the Co 
films deposited from Co(N’acN’ac)2 were characterized by randomly orientated crystallites with the average 
sizes in the range of 45-130 nm (Fig. 4b). 
 
 
 
 
a)  b)  
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Fig. 4. SEM images of cobalt films deposited a) from Co(pda)(hfac)2 at Tevap = 130 °C, Ts = 300 °C, b) from 
Co(N’acN’ac)2 at Tevap = 120 °C, Ts = 330 °C 
 
4. Conclusion 
The series of O,N- and N,N- coordinated cobalt compounds were synthesized and purified and 
Co(pda)(hfac)2 and Co(pda)(tmhd)2 compounds are obtained for  the first time. All investigated complexes are 
volatile. Co(N’acac)2 and Co(N’acN’ac)2 demonstrated  high volatility as compared to Co(pda)(tmhd)2,  
apparently due to the absence of intermolecular hydrogen bonds. Two compounds Co(N’acN’ac)2 and 
Co(pda)(hfac)2 were first tested as MOCVD precursors for cobalt film deposition. The one phase cobalt films 
were deposited from Co(pda)(hfac)2 at Tevap = 130 °ɋ, Ts = 300 °ɋ and from Co(N’acN’ac)2 at Tevap = 130 °ɋ, 
Ts = 310-330 °C. 
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